The European circular economy action plan, launched in 2015 includes a group of measures aligned with the 3r principles. To meet recycling goals, valuable materials such as aluminium must have packaging that helps to increase their recycling rate above the current 45.6%. This recycling rate could be improved with the help of current consumers and the education of future generations. In this way, the aim of this study is to prove the positive effects of childhood education in the circular economy by teaching sustainable practices in the case of aluminium packaging recycling. The study was conducted in the form of a survey, with data being gathered via questionnaires carried out "pre" and "post" workshop in schools of different regions of Spain in students between 8 and 12 years old. This study provides an exciting opportunity to advance our knowledge of the use of workshops to increase children's knowledge, awareness, and intention of recycling.
Introduction
The environment has dramatically suffered the depletion of resources and biodiversity damage by the postmodern society [1] which is living in a linear economy system that consists of taking the resources, producing goods and services, and using and wasting them [2] . In contrast, the circular economy seems to be an alternative paradigm whose purpose is to prevent the depletion of resources and seek environmental regeneration through eco-innovative solutions and products that can be reintroduced in biological and technical cycles [3] .
Moreover, the circular economy is usually associated with the 3Rs principle (reduce, reuse and recycle) according to authors like Wu et al. [4] , Haas et al. [5] and Yuan et al. [6] . In this sense, Yong [7] affirms that "the 3Rs principle-well known as reduce, reuse, and recycle-is a good principle guiding how to implement the circular economy in practice". In this way, the implementation of circular economy facilitates that waste of some agents become valuable resources for others, achieving the recovery of materials and energy [8] .
Specifically, the recycling component is one of the well-known priorities for the European Union which generates an average of 481 kg of household garbage by each person, each year. Thirty-one percent of this trash is placed in landfills, 26% is incinerated, 28% is recycled and 15% is composted [9] . In this way, recycling programs have to increase their effectiveness and become more popular among the community, thus, "long-term efforts such as intensified civic education and information strategies are needed" [10] .
The circular economy implementation in our society could be facilitated through environmental communication campaigns regarding the stakeholders' perceptions [11, 12] . Thus, based on the fact that some of the stakeholders' perceptions came from their education, this study considers the importance of environmental learning in children to modify the future behaviour of stakeholders. Besides, children are currently a strategic stakeholder [13] because they can act as prescribers at their homes and transmit "recycling culture" to their families and their environment [14] . Despite the high effectiveness of environmental education in young people [15] , there has been little discussion about their current knowledge and opinions about nature and environmental issues [16] .
Then, based on the fact that abstract based concepts of sustainability are quite complex to be understood by children, trainers have to look for ways to make it easier and more tangible [17] . Consequently, this work proposed to teach the circular economy challenges with the analysis of a well-known material that children can identify with easily, aluminium. The importance of aluminium in this study is based on three factors: it is valuable, its recycling rate is included in the CE action plan, and children can identify it easily.
First, aluminium could be considered a valuable material because it can be recirculated in value chains indefinitely without losing quality. Second, European legislation about circular economy demands higher recycling rates (75% in 2025) and aluminium must be increased 30 points considering that in 2016 it had a recycling rate of 45.6%. Moreover, when aluminium products are manufactured with recycled aluminium, only 5% of the energy is needed to get the same products which are produced with bauxite [18] .
Third, this study considers that children training in aluminium packaging recycling could be a key issue because they represent the section of the market who consume products that are packed with this material such as beverage cans. It is interesting also to consider that a lot of sandwiches or snacks that children bring to school are wrapped in aluminium foil. In spite of the fact that aluminium foil is not considered packaging for the legislation, it might be perfectly recycled when it is deposited in the yellow container. This aspect is very important since previous research has found that a high percentage of young people usually think that the yellow container is only for plastic packaging [19] .
For all these reasons, this study aims to prove the positive effects of childhood education in the circular economy by teaching sustainable practices in the case of aluminium packaging recycling. Thus, this study has been detailed in the following research objectives:
1.
Define the level of knowledge that children have packaging recycling in general; and recycling of aluminium packaging, in particular.
2.
Know the level of awareness that children have about recycling. 3.
Identify the children's intention to recycle in the future.
After this introduction, we provide an overview of the circular economy and describe the literature on the recycling of packaging in Spain and Europe. Next, we describe our methodology and results. Finally, we offer some overall conclusions and broader implications for future research [20] .
Education for Achieving the Circular Economy and Sustainable Development
Governments and political institutions, firms, consumers, and researchers have risen in defence of sustainable development. The 1980 World Conservation Strategy introduced the term "sustainable development" and the World Commission on Environment and Development develop the concept, providing what has become the most commonly used definition: "Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs" [21] .
Moreover, the multidimensional understanding of sustainable development, which includes sustainability in the environment, society and economy [22] , and time [23] , is consistent with the need of closing energy and material flows. The most recent proof of this fact is that some of the 17 "Sustainable development goals" [24] are closely aligned with the CE, such as "Clean water and sanitation-Goal 6", "Affordable and clean energy-Goal 7", "Sustainable cities and communities-Goal 11" and "Sustainable consumption and production-Goal 12". Those goals especially include topics like waste management, recycling, access to clean energy, the sustainable management and efficient use of natural resources, among others.
This claim is coherent with K.E. Boulding's proposal [25] , who explained the importance of closing the loops of materials and energy to ensure the sustainability of human life against a linear or "cowboy" model that was used previously. The linear model consists of "use of resources-production of products-generation of garbage". The circular model is valued because it increases the efficiency in the use of environmental resources, it reduces the environmental pollution and it faces the contraction between resources scarcity, environmental pollution and economic growth [26, 27] . In fact, the circular economy has been defined as an "industrial system which has the virtue of restore and regenerate by intention and design" [28] . Consequently, some firms have already implemented it into circular business models which emerged in the market and support sustainable development [2, 29] .
With the aim of expanding the business models based on the circular economy, the EU launched in December 2015 a "Circular Economy Package" (CEP) with the goal of motivating the world competitively, promoting sustainable economic growth and generating new "green" jobs [30] . Among the activities that are in the CEP, are the following: activities to reduce food garbage, enhance measures in the ecologic design to promote reparation, the durability, recycling and reuse of the products, and so on. The goal of these measures is to "close the loop" of the products' life through the promotion of recycling and the reuse of products at the end of their lives [31] .
Lastly, the success of those sustainable development goals and CE Action Plans can only be possible and sustainable over time, if the society implicates the future generations in the actions required to achieve sustainable development. Therefore, schools and universities should include environmental education to teach children the values, behaviour, knowledge, skills and competencies required for a sustainable future [32] . For example, the International Baccalaureate ® (IB), a non-profit educational foundation which offers respected programs of international education, has announced that they are collaborating with the Ellen MacArthur Foundation to embed systems thinking and a circular economy perspective into the IB curriculum [33] .
However, there is a gap between knowledge and awareness and between the action of recycling as some authors have studied [34] . Providing only information could lead to action for citizens that are already motivated to recycle but do not know how to do it (being able to identify the right container, for example). On the contrary, citizens that are not motivated to recycle but could do it to "gain" something (a prize in a contest for example) [35] .
Literature about the subject also agrees that environmental communication tools and campaigns could help in overcoming this gap when working with knowledge and awareness as in the case of ecolabels [36] or the workshops reported here [37] . Workshops at schools (curriculum integrated or not) are an excellent tool to disseminate the environmental issues and achieve awareness among children and to practice recycling actions.
Aluminium Recirculation: Spanish Context
As one component of the 3R principles, Circular Economy Package (CEP) suggests a recycling rate of 75% in 2025 and 80% in 2030 for each packaging material. Concerning the metals, this rate distinguishes between steel packaging and aluminium packaging. Until now, aluminium has been joined with steel when calculating the recycling rate; this means that aluminium has benefited from the high steel rates.
Beverage cans are the most common aluminium packaging and the most recycled. However, in Europe, there are differences among countries. Finland and Germany boast 99% recycling rates while Croatia has about a 12% recycling rate. Spain reached a recycling rate of 66% in 2015 [9] .
The recycling system in Spain uses three containers at least: a green one for packaging made of glass, a blue container for paper and carton board and a yellow one for light packaging (plastic, metals and bricks). Some regions have also added a brown container for organic waste.
In Spain, the aluminium beverage cans market share had a sharp increase from 23% in 2014 to 44% in 2015 and to 50% in 2016 due the reconversion to aluminium of two Rexam factories (nowadays Ball company), in La Selva del Camp (Tarragona) and in Valdemorillo (Madrid) (Figure 1) . Besides, the aluminium beverage cans recycling rates increased to 66% in 2015 [38] and the following year it decreased to 64.1% due to the higher amount of aluminium cans in the market [39] . However, it is still necessary to increase the recycling rate of all aluminium packaging to achieve the European circular economy goals before the year 2025. Currently, beverage cans have a market share of up to 70% in 2016, in Spain [39] , but the recycling rate of aluminium packaging in general (not only cans) was 45.6% in Spain in 2016 [39] . Then, if we also consider the percentage that has gone from waste to energy, the rate reaches 48.3%.
In Spain, all of the packages in the market must be labelled with the "green dot", a symbol which means that the manufacturer has paid the recycling fee. In Spain, Ecoembes is the organization that manages the recycling of light packaging, paper, and cardboard. At present, there are over 12,000 companies affiliated to Ecoembes which process more than 1.7 million tons of domestic packaging placed on the market; this involves an investment of more than 400 million euros to enable their recycling [40] .
Citizens deposit plastic, bricks and metal packaging in the yellow container. In 2016, 1.3 million tons of domestic packaging was recycled, which represented 76% of the containers which adhered to this Integrated Management System [41]. Regarding the "metal" (steel and aluminium packaging), the recycling rate reaches 84.8%. However, in differentiating the metallic materials (steel and aluminium), the latter reached a recycling rate of 45.6% and 48.3% of total recovery in 2016 [38] (Figure 2 ).
Despite the 10-point jump in the last 10 years, the recycling rate is far from the 2030 goal required by circular economy legislation (Figure 2 ). This issue should encourage the producers and consumers to increase their knowledge and awareness about the recycling of these packages. Moreover, the future European law about Circular Economy will ask to measure the recycling rate for both materials separately. Steel packaging is separated by magnets and almost all waste plants are provided by this technology. In the case of aluminium, it is separated by eddy current systems. In Spain, all sorting plants (where materials collected in the yellow container are conducted) have them but not all waste and compost plants do. In addition, some packaging made of aluminium is more complicated to separate from the waste stream due to its size or density. 
Workshop Activities to Promote Recycling of Aluminium Packaging in Spain
ARPAL is the Association for the Recycling of Aluminium packaging and is responsible for promoting recycling and for packaging this material in Spain. It consists of the firms that operate this industry globally, some of them are Aludium, Constelium, Hydro Aluminium Deutschland GMBH and Novelis Europe. The association is also part of the Packaging Group of European Aluminium, which represents the associations allocated in all European countries.
One of the actions carried out by ARPAL is called "Direct Education". It consists of the training of trainers (teachers, leisure time monitors, and university volunteers) who then carry out workshops on recycling aluminium packaging in different regions of Spain, specifically in Andalusia, Catalonia, Castilla-Leon, Basque Country, Madrid and Islas Baleares, mainly aimed at children between 8 and 12 years. Other experiences like this one have proven to be very positive in order to promote actions regarding the environment [42] .
The association began to carry out this activity in 2011 in Catalonia and it has extended to the rest of the regions mentioned above during these years. In addition, the participants receive a member card of the "Club I recycle aluminium" with the following "ALU commitment": "recycle the aluminium packaging in the yellow container and tell family and friends to do the same". As follows, trainers work with two awareness strategies in an effort to promote recycling [43] . On one hand, this club increases the feeling of belonging to a group and identifying with it (that of recyclers). On the other hand, the children commit to taking responsibility, and to recycling packaging and explaining what they learned to their family and friends. The commitment technique has proven to be very useful: a small initial commitment (such as the one proposed by the Club I recycle aluminium) can lead to greater and lasting commitments over time because the people who get engaged with it want to be seen as having continued with their commitment [44] .
The Direct Education activity involves the relationship with local institutions and administrations, universities, Teacher Training Centers, Schools of Monitors, etc. In this way, the preparation of educational materials and the workshops have the same message, even though the educational resources are adapted to different levels and situations. The educational materials are elaborated by the association ARPAL and can be consulted at its page www.aluminio.org.
This awareness-raising work is relevant to achieving environmental awareness and action in the long term [10] and it collaborates with other instruments like policies oriented towards recycling or market-based incentives in increasing the recycling rate of packaging.
Materials and Methods
ARPAL proposed to school managers to develop workshops about aluminium packaging recycling to students from 8 to 12 years of age; the project was well received. The workshops were developed with a children profile to build sustainable habits in future generations [26] . In addition, children were in a context where all the doubts that could arise could be cleared. These two factors are determinants to encourage societial change.
The workshops were done as a school activity and during school hours, sometimes in the classroom or in the Environmental Room from the city hall. The participation was mandatary as part of the education but not integrated as a subject of the curriculum. Besides, students did not know the objective of the survey, only the workshop monitors knew. The students were asked to respond to the questionnaire individually, without sharing information with their peers.
In order to fulfil the research objectives described above, we proceeded in two phases (see Table A1 ): firstly, a survey was carried out among students from Ávila and Cádiz before a training workshop about aluminium packaging recycling; secondly, a survey was applied after the workshop. In this way, 806 surveys were answered in April 2015. The objectives of these quantitative phases were as follows:
To define the level of knowledge that children have packaging recycling in general; and recycling of aluminium packaging, in particular. ii.
To know the level of awareness that children have about recycling. iii.
To identify the children's intention to recycle in the future.
The choice of Ávila and Cádiz was for two reasons. First, the diversity in location and social context; Cádiz is a coastal population with a high unemployment rate and significant emigration. In contrast, Ávila is a population of the interior, with a more closed culture and with less external influence. Secondly, the ARPAL association has collaborators in the two cities to carry out the workshops in the schools. In Cádiz, the collaborators are University of Cádiz volunteers and trainers from EQUA, a social association that fights for the socio-labour integration of people with intellectual disabilities. In Ávila, the collaborators are two artists who make sculptures and crafts with beverage cans. In both cases, they use the same educational materials, prepared by the association itself.
The two questionnaires assessed identical items, even though the second questionnaire included a question to assess the workshop and reflect on participants' feelings. The survey used open questions (without any structure or association of concepts) and closed questions (multiple choice, dichotomous and scale of importance). The questionnaire was composed of seven questions that might show knowledge, awareness, and intention, as follows:
Four questions related to knowledge: on the general use of the selective collection containers (open question), on the recognition of aluminium containers (open) and on the container about where to deposit aluminium packaging for recycling (multiple choice), moreover, there was a question about how they have gotten information about recycling with multiple answers (the concepts "talks" and "school" were included). ii.
Two questions on awareness of the importance of their individual participation in the recycling of aluminium packaging (answer with a scale of 0 to 10, where 0 was highly unimportant and 10 highly important and open answer to explain the reasons) and on the benefits of their individual action of recycling (multiple choice question). iii.
A question about their actual performance regarding recycling (in questionnaire two, Q2, was about their intention to recycle) of different containers and materials with dichotomous response (yes or no). iv.
Finally, in questionnaire two, there was a final question to assess the workshop (multiple choice question).
The questionnaires were held on the following dates: April and May 2015, in schools located in Cádiz and Ávila. In total, 806 students answered the questionnaires: 516 from the 11 schools of Cádiz and 290 from the eight schools of Ávila.
Given the development of the workshop, different activities and materials were developed by the research group. All workshops were divided in two parts:
(a) First, children started the workshop with a theoretical section that was oriented to understanding the aluminium packaging life cycle, different aluminium packaging (rigid, semi-rigid and flexible), how they should be prepared for recycling (in the case of semi-rigid and flexible) and where they should be deposited. Samples of aluminium packaging and a yellow container were also taught. Some support materials (all developed by ARPAL) like videos, games and posters were used. The theoretical section also included an explanation of the benefits of recycling aluminium packaging, a poster about the life cycle of aluminium packaging and viewing two videos (one about aluminium recycling and one about the packaging made of aluminium). (b) The second part of the workshop was 100% practice, the attendants did some handicrafts with aluminium packaging such as singers, a candelabrum and a whistle. The objective of this practice was assuring a right knowledge of the different aluminium packaging by working with them. Children used empty beverage cans, trays, closures and foil among other aluminium packaging. It was a period in which the students spent time experiencing with aluminium among their peers.
The workshop had an average duration of two hours, one hour for the theoretical section and another for the realisation of handicrafts which each participant took home. The workshops are not included as material of the school curriculum but they are addressed in the classrooms and/ or in the Environmental Room (run by the city hall) and during the school schedule.
ARPAL is very interested in measuring the efficacy of its workshops as well as evaluating the possible efficacy differences between the schools in the two cities. ARPAL's contribution to the paper was working with the authors in developing the protocol and record forms and facilitating that the workshop attendants could record the information pre-and post-workshop. Authors also attended some of the workshops to understand better how ARPAL works and interacts with the workshops monitor.
Results
In order to measure the effect of a change in awareness, knowledge, and on the behaviour of children towards the approach of recycling aluminium, several statistical analyses were undertaken. A total of 797 valid surveys were gathered in the "pre" and "post" workshop campaigns, given the awareness towards recycling. The statistical procedures were conducted systematically for both the related samples of the two groups; before and after workshop campaign regarding circular economy and specifically the recycling. The first step was to analyse the differences using the descriptive statistics with the percentage proportions for both pre-post campaigns. The second step was to make a hypothetical mean comparison between the variables for pre-post campaigns. Finally, if there were differences found regarding the two groups (before and after workshop campaigns), the significance test was conducted to determine and assess those differences for both before and after workshop campaign.
Descriptive Analysis
The first step of the analyses consisted in the mean comparisons for the two samples, i.e., before and after the workshop. Tables A2-A7 show the descriptive statistics of the two samples, where the mean differences in both cases before and after the workshop, for the three variables: knowledge, conscience, and intended behaviour towards recycling are shown. Overall, the results suggest a positive change in awareness and behaviour on the children towards recycling aluminium after the workshop.
The most relevant statistical conclusions regarding the two sites (Cádiz and Ávila schools) are: first, the previous knowledge about containers for recycling was much lower in the Avila centres (18%) than in the Cádiz ones (41%). After the workshop, the knowledge grew in both city centres, the difference being larger in the Cádiz (92%) than in Avila (28%). This could be explained by the previous environmental actions carried out by the Andalusian regional government (Junta de Andalucía) aimed to primary and secondary schools [45] . It can be concluded that those workshops reinforced the previous recycling knowledge.
Second, students from Avila could mention more flexible aluminium packaging before and after the workshops than the kids from Cádiz (24% in Avila arriving to 42%. In Cádiz, the starting point was 10% and after reached 29%). The authors insight about that issue is that ARPAL had successfully organised contests on handicrafts (with Christmas and Halloween designs) made of aluminium packaging for two years; even though these students had not participated, they were aware of them and were familiar with the aluminium works made in their school.
In analysing the knowledge of the whole sample of children on recycling before the campaign, about 70% of them answered that plastic materials go to the yellow container. Only 30% of them answered it correctly by stating that metal, aluminium, and cans must be deposited in the yellow container for recycling. After the campaign, the children who understood the kind of materials to be deposited in the yellow container increased drastically to 69%. Table A2 shows the statistical comparison between the before and after campaign results, where the difference in both pre-post campaigns is shown (from 0.33 to 0.69). Therefore, results suggest that there is a positive change in the knowledge of children regarding the containers and the separation of material with respect to the different containers after the campaign.
The children's knowledge of aluminium packaging specifically also changed positively in the post-campaign results. Before the campaign, 57% of the children had knowledge on aluminium packaging, whereas after the campaign the proportion changed to 93% of them listing correctly the various aluminium packaging which can be grouped into rigid, semi-rigid, and flexible materials (see Table A3 ).
Before the campaign, 52% of children responded correctly to which container aluminium material could be deposited. After the campaign, the percentage increased drastically to 83%, suggesting the effectiveness of the campaign in bringing awareness to the children of the container in which aluminium materials can be recycled (see Table A4 ).
Regarding the assessment of children's opinion on the importance of participating in recycling (Table A5) , although weak, showed a positive change (1% increment). However, the sharp increase of standard deviation may be due to the fact that, the spread of responses (between 6 and 10 being important and highly important) was very low surrounding a 90% of responses between 6 to 8 score (SD = 2.072) before the workshop, compared to after workshop with a large spread on the scale between 6 to 10 (SD = 4.105).
Likewise, the children's response on their consciousness of benefits received on recycling, although a positive change, was found to be weak (3% increment). This may be due to the partial loss of data, as many responses of children who considered that recycling is beneficial to "us" (the people, city and planet) highlighted the importance with an open answer like, "for our oxygen", but failed to choose the multiple choices (Table A6) .
However, (Table A7 ) the responses on children's intention of behaviour towards recycling changed after the campaign. Their responses ranged from 51 to a 60% before the campaign on their positive intention of behaviour towards recycling certain aluminium materials like cans, bricks, aluminium packs, aluminium foil and other metallic materials compared to a range of 55 to 62% after the campaign, except for their response on bricks with a 1% decrease in the positive change.
Overall, the results from the descriptive statistical analyses suggest that there is existence of statistical differences in the children's responses before and after the campaign on recycling. Therefore, consequently, we conducted the statistical analyses to confirm if these differences were statistically significant enough to hypothetically conclude the changes before and after the campaign. We perform the analyses of significance test statistics subsequently.
Test Statistics
Since we know that the proportion of children's' knowledge, conscience and positive behaviour towards recycling has increased following the workshop campaigns, a statistical test was performed to confirm the significance of these differences. Since some of the dependent variables regarding recycling were measured on a dichotomous scale for the two related groups; before and after the workshop campaigns, the McNemar's test was performed (Table A8 ) and for the rest of the continuous variables, the Wilcoxon signed rank test was conducted (Table A9) .
The results from the test statistics (Tables A8 and A9) show that the changes on each of the variables; knowledge on recycling of aluminium material (separation of material to yellow container, knowledge on different aluminium materials, knowledge on containers for recycling), the importance of recycling, and finally on the positive intention of behaviour on recycling (except for bricks material, p > 0.05), before and after the campaign show statistically significant differences (p < 0.05). Therefore, we can conclude that the differences between pre-post campaign responses among the children are statistically significant on each of the variables; knowledge, conscience, and intention of behaviour towards recycling, which suggests the effectiveness of the campaign among young children towards recycling.
Discussion and Conclusions
Firstly, this paper covered the main objective by measuring the effectiveness of workshops related to circular economy concepts and based on three parameters: knowledge imparted on aluminium packaging and recycling, awareness of recycling and intention to recycle after attending a workshop. To the best of our knowledge, these three specific aspects have not been assessed before in this kind of activity. Moreover, this research can be used by teachers and other researchers to develop their own activities to rise the environmental awareness among children.
The statistical significance proves that the awareness on recycling can be learnt by young people onwards (aged from 8 to 12 in this study) and environmental education may provide effective information towards a social change and a sustainable behaviour. Then, taken together, the results of the statistical analysis suggest that the workshops on aluminium packaging recycling have served to increase knowledge, awareness, and intention of recycling aluminium packages among the public studied from the schools of Ávila and Cádiz. Before the present investigation, 70% of the respondents thought so and after the workshop, 69% knew the correct use of the yellow container. Then, regarding the acquired knowledge after the workshop, participants are better aware of the use of the yellow container and the materials to be disposed of there. Besides, workshops have also served to increase awareness of packages made of aluminium (and therefore can and should be recycled) and where to deposit them (in the yellow container). Concerning this last aspect, it is worth highlighting an increase of 20 points in the percentage of correct answers in the second questionnaire.
Another important contribution of the findings from current research to bring awareness towards recycling to future generations is that it may lead to achieve the circular economy objectives in the European countries. The campaigns improve the understanding of participation in recycling in the society, and how it can lead to the benefits of the people, society and world overall. Furthermore, the results suggest that campaigns are effective in promoting the positive intentions of behaviours in children towards recycling. In other words, this study shows that as the knowledge, importance and conscientiousness on recycling are increased among children, the children's intention to recycle in the future increases too. However, due to practical constraints, this paper cannot provide a comprehensive review of the final recycle action.
In conclusion, this research confirmed that the workshops are a powerful tool to teach environmental knowledge and changing habits in favour of recycling. Moreover, it would be interesting to examine the relevance of the environment for the workshops which promote friendly environmental actions and define if they are more effective in a familiar environment such as the school with participants' classmates, but also in a much more playful, fun and out of class routine. Thus, from this study, it could be concluded that sustainability issues need to be effectively communicated to stakeholders. 
